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ABSTRACT 

New biostraiigraphic dura From co-occurring radiolarians and ammonites in 

Upper Jurassic sequences of the Antarctic Peninsula (Byers Peninsula on 

Livingston Island and Longing Gap, Graham Land)> permit a revised and 

more refined régional stratigrapliy. I he ncw data also allow a révision of the 

chronostratigraphic assignineni of soine American radiolarian zones esrabli- 

shed by Pcssagno and collaborators: the boundar)' of Zone 3-4 is assigned to 

the latest Kimmcridgian, contrasting the former a^sjgnmenr to the carly/late 

Tithonian boundar)'. The boundary between Subzone 4 beta and 4 alpha is 

assigned co the carly Tithonian, but was usually correlared with the early late 

Tithonian/latc late Tithonian boundary. The new chronostratigraphic dara 

from Antarctica are used rogerher with recenr resuits of Baumgartner and 

collaborators to revise the age a.ssignment of the North American Late 

Jurassic radiolarian zones. 
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RÉSUMÉ 

Stratigraphie combinée de radiolaires et ammonites du Jurassique supérieur de la 

péninsule Antarctique : implications pour la stratigraphie des radiolaires. 

De nouvelles donnfe hiostraiigraphiques obtenues à partir de co-occurences 

de radiolaires et ammonites dans le.s séries du Jurassrquc supérieur de la 

péninsule Anrarcrique (péninsule Ryers sur l île de Livingston ci de Longing 

Gap, Graham Land)t permettent de réviser et affiner une stratigraphie régio¬ 

nale. Les nouvelles donnée.s permettent aus.si une révision de.s attributions 

chronosrratigraphiques de quelques zonations de radiolaires américaines éta¬ 

blies par Pe.ssagno ci ses coUaboraieurs : la limite de la zone 3-4 est assignée 

au Kimméridgicn le plus tardifi contra^ant ainsi avec la précédente'assigna¬ 

tion à la limite Tîthonien prccocc-tardif. La limite entre la sous-zonc 4 beta 

et 4 alpha est assignée au Tithonicn inférieur mais fut habituellement corré¬ 

lée avec la limite entre le.s parties inférieure et supérieure-du Tithonicn supé¬ 

rieur. I.es nouvelles données chronostiaitgraphtqiics de rAïuurcrique sont 

utili-sée.s en même temps que les rcsuitais récents de Baumgartncr et .scs colla¬ 

borateurs pour réviser les attributions d’âge des zones à radiolaires du 

Jurassique supérieur d’Amérique du Nord. 

INTRODUCTION 

Although Upper jurassic sequences with co- 

occurring radiolarians and ammonites were 

continuousiy reported in fhc lasf fcw ycars (c.g. 

Pessagno et ai 1987a, b; O'Doglierty et al. 1989, 

1995; Pujana 1989, 1991. 1996; Baumgarlnci et 

al. 1995b; Zügel 1997), such findings can still be 

regarded exccplional. Hencc, new sections yicl- 

ding both radlolaiian and ammonite faunas are 

of high value for the improvement ofbiostrati- 

graphy. 

Late Jurassic mud.sione sequences of ihe 

Antarctic Pcninsula contain relatively wcll-preser- 

ved ammonites and radiolarians at scveral locali- 

ties. Two sections are dcscribcd in ihis paper. 

The sections belong to the Anchorage Formation 

(Byers Peninsula, Livingston Island) and 

Ameghino (= Nordenslcjolcl) Formation 

(Longing Gap, Ciraham Land), respectively. 

Stratigraphically important macrofossils (ammo¬ 

nites, aptychi, bclcmnites. bivalves) as well as 

microfossils (radiolarians) were found in the 

same sections and somctinies even in ihe same 

sam pies. 

The ammonite tauna in the sequences is mainly 

composed of cosmopolitan or Tethyan éléments 

showing no significant dillercnces from Tethyan 

or other eastern Pacific sites on a genus level. 

Hence, ammonites allow a fairly straightforward 

chronostratigraphic assignment. 

The cxcdlcntly preserved radiolarian faunas reco- 

vered hom carbonate concrctions exhibit a pro- 

nounced Au.stral a.spect (Kie.s.s'Iing ëê Scasso 

1996). Ncvetthclcss, they can bc linked to the 

North American standard zonation (Pessagno et 

ai 1993, 1994) and allow a detaiied biostrafigra- 

phic subdivision. However, the chronostratigra- 

phic radiolarian âges are aiways in slighr 

disagreement with ammonite âges. 

In ihis paper wc providc a reviscd chronostrati- 

grâphic assignnient of the Kimmeridgian/ 

Tiihonian North American radiolarian zones 

established by Pessagno et al. (1984, 1987b, 

1993) and evaluate the applicability of other 

radiohirian zonations in Antarctica. 

GEOLOGICAL SETTING 

l'he Antarctic Peninsula formed a separate plate 

which was situated in Southern high latitudes 

during Late Jurassic time (see review in Kiessling 

& Scasso 1996). 
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JVv'C UpperJurassic-Cretaceous arc magmatics ^ Occurrences of Upper Jurassic Mudstones 

Fig. 1. — Geological map of lhe northeastern Antarctic Peninsula (Graham Land). The studied localities are printed in bold. 

This région is characterized by an almost conti- med partly on pre-existing continental crust 

nuous magmaiic activity from the Early Jurassic (Hervé étal 1996). 

to thc Miocene (Barker et al. 1991; Leat Back-arc of the Antarctic Peninsula volcaniclasdc 

Scarrow 1994), sitnilar to the southemmost sédiments and anoxie radiolarian^rich mudstones 

Andes. During the Jurassic period, thc eastward are supposed to unconformably overlay an oldcr 

subduction of the Pacific Phoenix Plate led ro accretionary complex, the Triniry Peninsula 

the development of a calc-alkaliue magmatic arc Group. The mudstone sequence belongs to the 

(Antarctic Peninsula Volcanic Croup) whh voica- mainly Upper Jurassic Ameghiuo Formation 

niclastic sequences in the fore-arc and back-arc (Médina & Ramos 1981; Médina et ai 1983) 

areas. The magmatic arc is thought to hâve for- also known as Nordenskjôld Formation 
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(Farquharson 1982, 1983) which forms rhe basal 

sedimentary infill  of rhe Larsen Basin in rhe 

northeasrern Anrarctic Peninsula (Macdonald et 

al. 1988). The basin contains approximately 

6000 m of epi' and volcaniclastic sédiments 

deposited from the Laie jurassic to the Paleo- 

gene. Ourcrops of rhe Ameghino Formation are 

scattered along the eastern coast of Ciraham Land 

(Fig. 1). They are either isoJ-ated by surrounding 

ice-masscs or Idund in comploc tcctonic contaçt 

to other rocks. 

The Late Jurassic Anchorage Formation is the 

chronostratigraphic équivalent oi the Ameghino 

Formation in ihe lore-arc région (Pirrie & 

Crame 1995). As in the Ameghino Formation 

mudstones and tufTs prevatl, but additional sand- 

stone beds are intercalatcd. 1 he Anchorage 

Formation forms the base of a 1000 m thick 

sequencc (Byers Group) ranging from the 

Kimmeridgian to the Valangini.in (Crame et ai 

1993). The Anchorage' Formation is only expo- 

sed on Byers Peninsula, Livingston Island. 

LOCALITY  DESCRIPTIONS 

Longinc Gap 

Longing Gap is situated at the Nordenskjold 

Coast (Larseii Inlet) of nonhern Graham Land 

(Fig. 1). The area wichoui permanent ice cover 

extends some A km in a north-south direction 

and a maximum of 1.5 km in an casi-west direc¬ 

tion (Fig. 2) and Is surrounded by glaciers. 

Longing Gap is the type locallty of the 

Ameghino Formation and only rocks assigned to 

the Ameghino Formation are exposed thene. *rhe 

geological structure is a wide syncline with a 

nearly east-west oriented axU. Beds dip to the 

South at the northern margin of the exposure; 

they lie horizontal in the Southern part,, and dip 

gently lo che north at the southernmost margin. 

Minor faults are présent, but no significant offset 

was noriced. 

The sedimentary succession consists of black 

mudstones and gray tuffs, Both lithologies arc 

tightly intercalatcd or mixed. Addidonally. cald- 

te concrction.s are common throughout the sec¬ 

tion reaching 3 m in diameter. They occur in 

mudstones as well as in tuffs, but mudstone 

Ameghino Member 

Longing Member ^ 

 Ameghino Hut 
/ Section for 

- radiolarian samples 

Moraine Ammonite locaüty 

Fig. 2. — Oulcfop of the Ameghino Formation at Longing Gap. 
The profile line for radiolarian samples. important concrétion 
levels and ammonite locations, and the âges provided by 
ammonites are indicated. 

concrétions are generally latger. At rhe base of 

the succession mudstones predominate, while 

towards the top tuff beds become incrcasingly 

abundant. This trend lcd Whitham fie Doylc 

(1989) to distinguish two members: a lowcr 

Longing Member and a higher “Ameghino” 

Member. Although there is a continuous transi- 
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CH Interbedded tuffs and mudstones H Basaltic Sill 
 Interbedded mudstones and tuffs — • Fault ? 

Fig. 3. — Idealized lllhological column of the Ameghino Formation at Longing Gap. Important radiolarian samples, ammonite locali- 
ties. selected ranges of radiolarian taxa, radiolarian zones and preliminary ammonite zones are shown. Ammonite samples from 
transported blocks are indicated by a question mark. CrossStars after ammonite zones indicate: *, European standard zone; 
Himalayan zone: ***,  Argentlnean zone; ****,  Antarctic zone. Due lolhe problems in recognizing middle Tithonian. we subdivide the 
Tithonian sensu Gallico. 

tion, the division proposed by these authors is 

followed in this paper. Owing to the relatively 

poor exposure quality of the succession it is diffi-  

cult to déterminé the total thickness. Whitham 

& Doylc (1989) hâve estimaied a thickness of 

450 m for the Ameghino Formation at Longing 

Gap, but Scasso èc Vülar (1993) mention 

600 m. New gcodctic results Irom our ficld cam- 

paign (SantisTeban 1997) indicate a total thick¬ 

ness of 580 m. The lower l.onging Meniber i.s 

420 m thick, whereas the upper ‘"Ameghino” 

Mcmber is 160 m ihick (Fig. 3). 

The black mudstones in both members are lami- 

nated or structureles.s. The tuffs are often graded 

and show undulare bases due to loading. The 

tuff layers are interpreted as pelagic deposits of 

air-fall ashes, related to single volcanic events 

(Whitham 1993). Intense silicification is fre¬ 

quent (Scasso et al, 1991). Mudstones as well as 

tuff beds arc laterally continuons. Current sedi- 

mentary structures are rare and no influence of 

(storm) wave activiry îs évident. Slumps are very 

rare and small. 

The depositional environment of the Ameghino 

Formation is assigned to an anoxie to dysoxic 

basin, according to Farquharson (1983). Doyle 

& Whitham (1991) and Whitham (1993). 

Anoxie conditions prevaÜed e.specially in the 

Longing Membcr; this is indicated by the often 

lacking bioturbation and rare horizons with ben- 

thonic tossils as wdl as by geochemical indicators 

(Scas.so & Villar, 1993). In the “Ameghino” 

Member moderately intense bioturbation 

(Zoophycos, ChondriteSt Planolites) and a conse- 
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? Uhligites sp.. Berriasella sp. Berriasian 
Spiticeras {Spiticeras) 
cf. spitense (Blanford) 

Berriasella sp., ? Blanfordiceras sp. late Tithonian-Berriasian 

? Blanfordiceras sp. late Tithonian? 

Subzone 4 a 

Radiolarians 
Subzone 4 (3 

Retroceramus haasti (Hochstetter) gr. Kimmeridgian 

^^Tuffs Sandstone and Conglomérâtes Mudstones 

Fig. 4. — Idealized composite section of the Anchorage Formation on Byers Peninsula (Livingston Island). Only radiolarians from 
Zone 4 could be recovered. Macrofossll âges are based on fauna collected by Crame et al. (1993) at the base and own data for the 
higher part ol the section. The late Tithonian âge for the upper part of the Anchorage Formation is based on new findings of 
Blanfordiceras sp. and Berriasella sp. 

quent destruction of litminarion indicate dysae- 

robic conditions. 

The Longing Member is more poorly exposed 

chan the “Ameghino'’ Member, Only about one 

fourth of the Longing Member is exposed in 

place, whereas more than half of the “Ameghino” 
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Member is well exposed. However, with rhe 

exception ot somc small displaccmcnts due to 

cryoturbation, most of the Joose blocks forming 

the scree cover can bc considered in place. This is 

indicated by wcarhered carbonate concrétions 

ihat arc perlcctly traccd in the scree, 7'herelorc, it 

was possible to gct a complété section of the 

Anieghino Formation at Longing Gap. 

The sequence contatris common macrofossils 

(ammonites, belemnites, bivalves, aptychi, fishes, 

driftwoüd) allowing a stratigraphie subdivision. 

We emphasize on ammonites in this paper. 

Although ihc microfauna is diverse as well 

(radiolarians, sponge spiculés, foraminifera, paly- 

nomorphs), wc exclusively rcler ro radiolarians 

herein. The ammonites, like most other macro- 

iossils, are parttcularly enrichcd in certain hori¬ 

zons, which are ollcn widcly separated. 

Radiolarians are only well preserved in carbonate 

coneretions. However, the concrétions are conti- 

nuously distributed in the Longing Gap Section. 

As a conséquence the radiolarian documentation 

is more continuons than the ammonite docu¬ 

mentation. 

Bvers Peninsula 

The Anchorage Formation was defined by 

Crame et ai (1993). It is composed ot dark gray 

to black mudstones interbedded with sandstones 

and tuffs. Its irue boundaries bave not been 

observed. Although it is separated (rom rhe over- 

laying Berriasian l’icsidcnr Beaches Formation by 

a fault, faciès analysis indicatcs a transitional 

change bens-een this two units. 

Detailed mapping (Lopetrone 1997) allowed the 

récognition of several Anchorage Formation out- 

crops m faulr-bounded bloclts showing different 

ficies associations. Crame et ai (1993) suggested 

a minimum thickness of the composite section of 

105 m. A composite section quite different and 

difficult to match with the one of Crame et ai 

(1993) re.sulteti from oiir work (Fig. 4), probably 

as a conséquence of the .structural compicxity of 

the area. The inlcgrated thickness of the 

Anchorage Formation is close to 120 m inclu- 

ding an uppermost sequence transitional to the 

President Beaches Formation. 

The whole sequence is composed of radiolarian- 

rich mudstones with intercalations of tuffs and — 

in contrast to the Ameghino Formation — sand- 

stonc beds (sec Pirrie & Crame 1995, for a detai- 

Icd description). The sandstonc beds reach up to 

80 cm in thickness and show evidence of turbidi- 

tic sédimentation. Carbonate concrétions occur 

ihroughout the section. Flowever, ihcy are smal- 

1er than at Longing Gap and many are silicified. 

As in rhe Ameghino Formation thcrc is a shift 

from parallel-laminatcd to intensely biorurbated 

mudstones within the sequence. 

Oui* composite section is composed of four inter- 

vals, The lowermost exposure is about 1 1 m 

dnck. It is separated Ifom the middlc part by a 

fault with Lincertain offset. Fhis middle part is 

about 55 m thick. A one meter ihick conglomc- 

rate occurs at the top of this part of the section. 

The upper two parts of the section reach a com¬ 

posite thickness of around 50 m and are predo- 

minated by sandstones and conglomérâtes. 

In contrast to Longing Gap. âge diagnostic 

macrofossils are relatively rare on Byers 

Peninsula. Driftwood, bivalves, belemnires, and a 

few ammonites could be recovered. The carbona¬ 

te concrétions bcar very well preserved radiola¬ 

rian faunas in the middle section. 

FAUNAL CHARACTERISTICS 

Owing to the high paleolatitude of the Antarctic 

Peninsula the fossils are expected to show biogeo- 

graphical différences as compared with lower 

paleolatitude sites. Since paleobiogeography bas 

some impact on stratigraphie corrclaiion we 

shortly discuss biogeographical affinitics of both 

ammonites and radiolarians below. 

Ammonites arc aftcctcd by the high latitude 

dcpositional environment by their reduced diver- 

siry and some morphological modifications. 

With the probable exception of BLwfordiceras. ail 

Antarctic généra are to bc found in Tcthyan sec¬ 

tions as well- There is no striking évidence for an 

Austral ammonite province in the Tithonian 

which could be équivalent to rhe Northern 

Hemisphere Boréal provinces (Callomon in 

Hillebrandt ei ai 1992, but sce also Enay ôc 

Cariou 1997). 

In contrast, the radiolarians display a pronoun- 

ced Austral aspect, both in the Ameghino 
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Fig. 5. — Age diagnostic radiolanans Tram Byers Peninsula (Ll) and longing Gap (K. LG) A Bivallupus mexicanus Pessagno & 
MacLeod, etched concrétion eut parallel to Oedding (K 20-1); B, Loopus primittvus (Matsuoka & Yao) (Ll 31). C. Tethysetta boesii gr. 
(Parona) (K 44); D, Parvicinguia coleniani Pessagno S Btomô (K 25); E. Parviclngula exr.elsa Pessagno S Blome (LG 1); 
F, Crucella theokattensis Baumgartner (K 14-t). G, Triirabs liiododactylus Baumgartner (Ll 31); H, Acaothôcircus fitriû&us Jud 
(Ll 31): I. Valiupus tiopsoni Pessagno & Blome s./., very small specimen (Ll 44); J. Penspyndiuw ordinarium (Pessagno) gr. (K 6); 
K, Haliodfctya i?) aniiqua (Rüst) s.i. (K 14*t); L, Acaenioiyfe pan/a Vang = Acaeniotyle umbilicata (Rüst) gr. (K 13); M, Sethocapsa 
trachyostraca Foreman (K 13); N, Gongylothorax favosus Dumitrica (K 4); O, Suna echiodes (Foreman) s.l, (Ll 13). See Kiessling 
(1999) for figures of additional âge diagnostic radiolarians. Scale bar: A, 76 pm; B, I, M, N. 50 pm; C-H, J-U O, 100 pm. 
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Formation and in the Anchorage Formation. 
The faunas exhibit typical high latitude characte- 
ristics as indicared by the prédominance of 
Parvicingula/Praeparvicingtila (Fig. 5D, E). The 
Antarctic fauna.s are especially similar to the 
Southern Boréal Province as defincd by IVssagno 
6c Blome (1986), Pessagno étal. (1993), and 
Hull (1997). Borh the Austral Province and the 
Southern Boréal Province hâve many species in 
common and share fcacurcs such as the lluctua- 
ting pantanclliid abundance and the high diversi- 
ty of Parvicingula (Hull 1995; Kicssling 1999). 
Compared wiih fâunas from équivalent latitudes 
on the Northern Hemisphere. Pantarielliidae are 
considerably more abundant (Kiessling 6c Scasso 
1996). Typical Tethyan taxa such as Tritmhs and 
Podocapsa are rare but présent. Vallupus hupsoni 
and other vallupins are présent, which is very 
useful for stratigraphie corrélation. Hsuum and 
Perispyridhim arc as conimon as in ’lethyan sec¬ 
tions and can also be used for global corrélations. 
However, the stratigraphically important 
lethyan taxa Mirifiisus. kistola-. and Acanthoarcus 
dicranacantbos (S'quinabol) are totally absent in 
Antarctica which limits the corrélation with 
Tethyan sections. 
A sélection of stratigraphically important radiola- 
rians is shown in Figure 5. A more compréhensi¬ 
ve taxonomie framework is provided by Kiessling 
(1999). 

STRATIGRAPHY 

Former ammonite and bivalve data suggested an 
âge range of Kimmeridgian/early Tithonian to 
late Tithoniaii/Berriasian for the investigated sec¬ 
tions (Whirham & Doyle 1989; Crame et ai 
1993; Pirric 6l Crame 1995). Our new matcrial 
is essentially in agreemcat with previous désigna¬ 
tions. but wc are now ablc to pj-ovide a more 
detailed stratigraphie subdivision. 
The first stratigraphie subdivision of the Longing 
Gap Section based on radiolarians was proposed 
by Kiessling 6c Scasso (1996) and Kiessling 
(1996). Referring to the North American stan¬ 
dard zonation the authors came co the conclu¬ 
sion chat the âge range of the Ameghino 
Formation is early Tithonian to Berriasian. Our 

new material shows that although the radiolarian 
zonation of the sequence is stiJl valid, the chro- 
nostratigraphic calibration nceds to bc revised. 
The discussion of ammonite âges relies on com- 
pari.sons with Antarctic, Argentincan, European, 
and Himalayan zonations, whereas the radiola¬ 
rian zones are first exclusively compared with the 
North American zonation ol Pessagno et al. 
(1984, 1987, 1993, 1994) and Hull (1997). 

Stratigraphy of Longing Gap 
Ammonites (A. Zeiss and A. C. Riccardi) 
The first ammonite from Longiag Gap, a Late 
Jurassic Perisphinctes sp., was mentioned by 
Bibby (1966). Further investigations were under- 
laken by Médina & Ramos (1981, 1983), 
Thom.son (1982), Farquharson (1983), Médina 
et al (1983), Zeis.s (manuscripr 1985), Whitham 
6c Doyle (1989), and Doyle 6c Whitham (1991). 
New material was collected during the 
Argentinean Antarctic field carnpaign (1993/ 
1994) by Scasso, Santisteban and Kiessling. Mosi 
ammonites are difficult  to identify, as incomplète 
and crushed spccimens prevail; often only 
impressions of crushed ammonites are availablc. 
Therefore, many déterminations are obiained 
not with the same securiiy as from better preser- 
ved material; this should bc kept in mind when 
using the déterminations beîow. 
From base to top we can identify the following 
macrofossils (horizons are numbered according 
to the closest concrétion Icvcl, Fig. 3): 
K 16 [LG 11 J. Virgataxioceras cf. setatohies 
(Berckhemer 6c Hôlder) (Fig. 6F): the impres¬ 
sion of a crushed perisphincrid ammonite with 
relativcly coarse ribs. Ribs prcdominantly bifur- 
cating, but sometimes triflircating (“polygyrate'') 
The ribbing .style rc.scmbles somewhat thaï of 
“Perisphinctes'" uracemis (Berckhemer 6c Hôlder, 
1959, pl. 7/35), but the ribs are branching a lir-  
tle deeper near rhe niiddle of the flanks and rhe 
secondaries are somewhat more inclined, Tluis, 
the spccimen fits better to a paratype of 
Virgataxiocerm setatoides (Berckhemer 6c Hôlder 
1959, Fig. 30). 
K 16 [LG 4]. Virgataxioceras cf. setatoides 
(Berckhemer 6c Hôlder): an impression of a cru¬ 
shed Virgataxioceras. The specimen is rather close 
to Virgataxioceras setatoides (Berckhemer 6c 
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Fig. 6. — Age diagnostic ammonites from Longing Gap. A, ? Virgatosphinctes densisthatus (Steuer) (LG 20); B, Virgatosphinctes 
aff. australis (Burckhardt) (LG 25), C, TarameHiceras cf. prolithographicvm (Fontannes) [LG 16(1)]; D, Aulaœsphinctoides (?) sp. juv. 
[LG 16(2)]; E, Subplanitoides cf. oppeli Zeiss [LG 9(2)]; F, Virgataxioceras cf. setatoides (Berckhemer & Hôlder) (LG 11 ). Scale bar: 

1 cm. 
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Fi6- 7 — Age diagnostic ammonites from Longing Gap 
A. Neochetoceras (?) sp. [LG 9(1)); B, Kossmatia (?) et. tenuis- 
triata (Gray) (LG 3); C. Virgatosphinctes altemecostatus 
(Steiger) (LG 29), Scale bars: 1 cm. 

Hôlder 1959, fig. 31). The shape and the ribbing 

style agréé well. Différences are indicated by the 

somewhat more rigid recticostate and denser rib¬ 

bing as well as by ihc branchirig point of chc ribs 

situated a little deeper on our specimen. 

K 16 [LG 6]. ? Vh’^aiûx/ocems cl. setatoides 

(Berckhemer ^ Hôlder): a rather poorly preser- 

ved specimen. Considering shape and ribbing 

style it seems to belong to the above destribed 

specics or to a rclated latc Kimmeridgian péri- 

sphinctid. A similar specimen has been destribed 

from the Antalo Limcstonc of Ethiopia (Jordan 

1971). 

K 17 [043]. Glocbiceras percevait (Fontannes); 

Glochiceras cf. lilhographiciim (Oppel); 

Taramelliceras n. sp,. ail. proluhographicimt 

(Fontannes); l'orquiidsphinctcs hàbyensis Spath; 

Lamellaptychxii lamellosus (Parkinson): ihis 

sample contains a new species of the Itira- 

mellicems proUthographicum/Glochket'as lithogta- 

phiettm group. The peciiliar ribbing on the llank.s 

of a large specimen is rather similar to 

Taramelliceras hemiplenra. while ovcrall morpho- 

logy, ribs, and uodes of the outermost part of the 

flanks and the marginal and ventral région are 

well comparable wîfh stronger ribbed variants of 

the T. prolithographiciimlG. lithographicum 

group. 

A similar, hut smallct species ol the same group 

is T. flandrini (Collignon I960, pk 147, fig. 583) 

from (lie early Tithonian of Madagascar. 'Fhat 

specics has a wider umbilicus, is stronger ribbed 

and shows no nodes in the center of chc external 

side. 

K 17 [044]. Katroliceras sp., Retroceramus cf. 

haasd (Hochsietter). 

K 18 [045]- Tarciiuttisphinctes 

K 18 [LG 16(1)]. Taramelliceras cf. prolithogra- 

phicum (Fontannes) (Fig. 6C); an impression of a 

partiy pteserved Taramellkerns. The outer part of 

the flanLs is well observable. Thèse are ornamen- 

ted with ftdcare ribs. The inner part of the ribs is 

not strongly curveJ, the outer pan is curved for- 

ward. The ribs bifurcate occasionally The ends 

of the rilis are marked by smaU tubcrclcs. A row 

of tubcrcles i.s aiso observed on the venter. The 

ribbing style is characteristic for Taramelliceras 

prolithographktim (Füiirannes). However, as we 

cannoi observe the inner parts of the llanks and 

the specimen is not complété, we déterminé it as 

Taramelliceras cf. prolithographicum. 

There is some affînity to T. cf rigidum as figured 

GEODIVERSITAS • 1999 • 21 (4) 697 



Kiessling W., Scasso R., Zeiss A., Riccardi A. & Médina F. 

by Médina al. (1983, pl. 2e), but this détermi¬ 

nation docs not agréé with the description of the 

species by Hôlder (1953) and his illustration of 

the hoJotype. 

K 18 [LG 16(2)]. Aul/icosphinctoides (?) sp. juv. 

(Fig. 6D): this small specimen is difficult to 

identify, as young spécimens ot the généra 

Aulacosphincioidehy Katroliceras and Torquati- 

sphinctes can be very similar and only the cross- 

section could help ta distinguish them (d. Spath 

1931). However, there is a rather good corres- 

pondence between the shape of our specimen 

and those of young Aulacosphhictouks as figured 

by Spath (1931, pis 78/4, 79/7). Bearing in 

mind the problems ineniioned above, specimen 

is best identified as Aulacoaphwcioiclti (?) sp. juv. 

K 29 [LG 9(l)j. Neoche-toceras (?) sp. (Fig. 7A): a 

rather w'eU-presetved fragment of a compressed 

oppeliid with narrow \imbilicus. The pour pré¬ 

servation of the suture does not allow to décide if  

the specimen bclongs to the Haploccras subvltma- 

tum group. As the ovcrall shapc is that of 

Neochetoccras (sec Oppel 1863, pl. 69/3)» this 

specimen can he assigned to Ncochvtocems (?) sp. 

K 29 [LG 9(2)]. Snhplannoulcs cf. opp(4i Zei.ss 

(Fig. 6E): an impression td a th nsely rihbed peri- 

sphinctid fragment- A cast ol the .specimen is 

very close to Stibplanitoides appeli Zeiss (1968, 

pl. 8/2), As the venter is nor observable a déter¬ 

mination as Siihplanitoîdes cf oppeli is jusfified. 

K 29 (LG 10, LG 27]. Neochetoreras (?) sp.: 

several oppeliid specimens, crushed. SimKar 

forms hâve been figured by Wliitham & Doyle 

(1989, fig- 6e). Tliey agréé in shape with 

Neochetoccras. In order to exclude tbc possibility 

that they bclong to Pseudolissoceras, ihc poorly 

preserved renrains oi siuurc-lines were closely 

observed. In che end we are convinced that the 

sutures suggest an assignment to Neochetocents 

rather than to PseudoUssaceras. 

?K 29 [LG 28]. Glochiceras sp.: another oppeliid 

specimen. The widcr umbilicus suggests an assigiv 

ment to Glochiceras rather than to Neochetoreras. 

K 30 [LG 3]. Kossmatia (?) cf tenuistriata (Gray) 

(Fig. 7B): fragment of a small ammonite. The 

ribbing is rather fine and dense. The branching 

point is situated in rhe upper part of the flanks. 

On the inner part of the last whorl the seconda- 

ries are bent forward. At the end of the shell the 

specimen is somewhat damaged and the bend is 

not well preserved. The decerminarion of such a 

small specimen is difficult, OÊpcdally when the 

ventral side can not be inspccicd. Some afiinity 

exists to similar densely rihbed forms like 

Kossmatia aff. temtisiriutu Gray (Thomson 1983, 

fig. 3g) or somc Virgatosphinctes of the tennili- 

neatm-btirckhardii group (cf. Indans 1954, 

pl. 13/1, 4). Thcrc is al.so .some rcscmblance to 

the inner whorls of a ^'Lirhacoirras sp,''j as figured 

by Wliitham & Doyle (1989, fig. 6g) Judging 

from the ribbing on the outer whorl, the forrn of 

Whirham & Doyle does nor belong to Litha- 

cocerasy but more likely ro forms like Fi-anconites 

teriuiplicatus 7.ÇW (1968, pl. 11/4) Para- 

bcrrutsella btondeti Zeiss (1968, pl. 12/2) is aiso 

comparable to our form, but exhibirs a different 

development of ribs on the outer whorl. Ail  diese 

forms corne from rhe upper part of rlie lower 

Tithonian. The détermination as Kossmatia (?) 

cf. tenuismata h therefore only one of .sec'eral 

other possibilicies. 

K 31 1013, 038a-e, 046, LG 12, LG 14, 

LG 25, LG 29]. A 1 m thick bank with abun- 

dant ammonites: ? Aulacosphifictoides sp.; 

Haplocenn sp.; Oppeliidae indet.; ? Taramelliceras 

-Sp.; Substj'eblites or Uhligites aft. kraffti (Uhlig); 

ViïgatosphJrjcfes cf. and aff. amlescHsis (Douvillé); 

Virgatosphiactes sp.; Virgatosphiactes (Lithaco- 

ceras) sp.; Lamellaptychus cf. lamellùsus 

(Parkin.son); Virgatosphinctes alternecostatus 

(Steiger); Virgatosphinctes aff. australis 

(Burckhardt). 

[013]- ? Substreblites or Uhligites aff. kraffti 

(Uhiig): a specimen of47 mm in diameter, very 

involute and with fine falcoid ribbing. U looks 

like the spccimens figured by Thomson (1979, 

pis 2/i|, 3/d, f) under the above mentioned 

names. However, détermination is doubtful sincc 

the venter could not be ob.served and die ribbing 

is srronger. 

[LG 29]. Virgatosphinctes altcrnecostatus (Steiger) 

(Fig. 7C): half of ihe ammonite is preserved. The 

ribbing style is similar to V. denseplicatus nnunda 

(Spath 1931, pl. 96/2), but ihc umbilicus is 

more narrow. In ihis respea Perisphinctes" alter- 

nccûstatus Steiger (1914, pl. 104/1) fies better. 

This species seems to belong to Virgatosphinctes 

representing an intermédiare form between the 
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denseplicatiis and communis group. 

[LG 25]. Virgatosphinctes aff. australis 

(Burckhardt) (Fig. 6B): a fragmentary specimen 

of Virgatosphinctes witli  a radier narrow umbili- 

cus, but wirh more disrant, polygyrate and bifur- 

catc ribs (cf. Indans 1954, pl. 20/6). 

K 32 [LG 22, K 32]. Suhdkhotomoceras sp.; ? 

Virgatosphinctes sp. 

K 34 [020, 025  ̂035, X8]- Virgatosphinctes 

]^^Lithitcocerüs^  ̂IndansJ sp.; Aulacosphhictoides (?) 

cf. patagoniensis (Favre in Tavera); Buchia cf. 

hoebstetteri (Flemint^); Buchia sp. 

[025]. A ulacosphinctoides (?) cf patagoniensis 

(Favre in Tavera): a fragment of a rather large 

pcrispliinctid. Fhc bifurcation point is çhanging 

in height benveen the inner third and the outer 

third of the flanks on the penultimate and outer 

whorl. Ribs on inner whorl split up in half co 

rwo thirds ofthe height of die llanks. l’iicrc  is no 

virgatotonie or polygyrate splitting of the ribs. 

Single ribs are intercalaied e.specially on chc outer 

half of the penuJiimate ând on the last whorl. 

Since die specimen is fragmentary the assign- 

meni to Auhicosphinctoides rcniains quescionable. 

A désignation to ImpuUisphinctes could also be 

possible, l'hcre is some affrnir)' rn speclmens 

figurcd as ''Blanfordiceras patagoniense' (Favre) 

Feruglio by Tavera (1970, pl. 3/8). However, 

those forms are smaller, more coarscly ribbed, 

and the liigh outer whorl of our specimen is 

absent. 

K 40-1 [LG 20]. ? Virgatosphinctes dertsistriatiis 

(Steuer) (Fig. 6A): an impression of a densely 

ribbed, virgatosphinctid ammonite wich a rather 

narrow umbilicus. It has a good coiinterpart in 

the specimen figured by ïndans (1954, pl. 21/5) 

as V. densisty*iatus (Sieuei), but dicrc is aJso a dis¬ 

tinct affinity to undescribed forms of 

Catutosphinvtes Lcanza & Zeiss (1992) from 

Zapala, Argentiiia. 

K 4l. ? Kawhiasphinctes cf. antipodus vScevens: a 

fragment, broken at about die level of midflanks 

or slighrly above. Only the outer half of che 

flanks wich straight and slighdy prosiradiate rÜis 

can bc observed. Any probable bilurcation point 

of dic ribs should be situated deeper. Tlie flanks 

arc similar to the outer flanks of Kawhiasphinctes 

antipodus Stevens (1997, pl. 32/3) or Virgato¬ 

sphinctes aff. denseplicatus (Thomson 1979, 

pl. l4/a). However, the lacter is more densely rib- 

bed and does not fit  well. The specimen is roo 

poorly preserved for any more précisé identifica¬ 

tion. 

K 57. Blanfordkeras cf wcaveri HowHert: a speçi- 

men of 87 nim in diarneter with an umbilicus of 

ca, 40 mm. The venter is not preserved; of the 

last whorl only one quarter is preserved. The rib- 

bing i.s similar to diat in specimens figüred from 

Antarctica as Blanfordkeras u>taveri by I Inwlerr 

(1989, pl. 2/5, 7), but our form is more evolute 

and the ribhing is somewliac coarser. The same is 

ULie in comparison with the specimen figured by 

Krantz (1928, pl. 3/4) or Weaver (1930, 

pl. 3/356-357). The ribs divide above midtiank 

and are widely spaccd iti die last quarter of dic 

whorl as iri Blanfordkeras watlichr Gray as figu¬ 

red by Steuer (1891-1892, pl. 16/1). ‘Fhcrc is 

also sonie similarity co Blanfordkeras delgai 

Collignon (I960, pl. 166/680). 

[030]. Siibsteuroccras or Parodontuceras sp. 1 lie 

specimen is comparable to the one figured by 

Ülivero et al. (1980, pl. 1/2) ironi James Ross 

Island II is also similar to Kossmatia carsensis 

(Thom^son 1973). 

[Al],  Blanjhrdicerns d. weaveri Hewlett; rhis 

ammonite stems from a moraine deposir above 

the top of dic section. The specimen is compa¬ 

rable with ''Beriassella stihprivasensis' Kraniz {in  

’Fhomsnn 1979, pl. 7/i). which was included by 

Howlett in his new spccics B. weaveri. It is also 

similar to ''Berriusella behrendsenr of Feruglio 

(19.36, pl. 7/3-7, 9). 

Stratigraphie subdivision based on ammonites 

Mcdina &: Ramos (1981) and Médina et al. 

(1983) describeJ ammonites from Longing Gap 

that can be assigned to ihe catly lo middle 

Kimmeridgian. Our new material did not 

contain ammonites of this agc. 

In our section, the firsr horizons with ammonites 

occiir some 80 m above che base (K 16, K 17), 

The.sc Icvcls bclong co ihe lare Kimmeridgian 

Hyhonoticeras beckeri zone. The presence of rhis 

sub.scagc is also demonscraccd by a specimen figu¬ 

red by Whitham & Doyle (1989, fig. 6c) as 

Hyhonoticeras sp. This form appears to represenr 

the microconch of a new species of Hyhonoticeras 

{Hybonotella) which belongs to the group of 
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H. beckeri. The speeimen of Wlïitham & Doyle 

can best bc comparée! with the inner whorls of a 

macroconch figuied as " Hybonoticeras 

hybonotiirn' hy Collignon (I960, pl. 132/494) 

from tlic ‘ 'Kinimcfidgicn moyen” of Madagascar. 

However, the spccjes and âge assignmenr of 

Collignon cannot be affirmed. 

The presence of Submediterranean taxa 

( Virgatûxiot'eras, Hybonoticems) in Antarctica may 

be astonishing. However, Zeis.s {1971. 1979) has 

shown thar rbese généra are widespread along the 

eastern part of /Vfrica (Ethiopia-Tanzjinia). Those 

forms probably immigrated together wiih Indian 

taxa (cf. Howlett 1989) via the Malagassian sea- 

way into the Antarctic Région. 

The early Tithonian Nyboriolh'cms hybonoturn 

zone is reached in concrétion Icvcl IC 18 as pro- 

ved by charactcristic làramelUcenis .spccics. In the 

middle part of the Longing Mcniber (K 29, 

K 30-1) the ammonites may correspond with the 

Mucronatum and Vîmineus zones of Sonthern 

Germany. They are comparable with Sub- 

planitokies  ̂Franconhes and to ihe Pacific genus 

Kossmatia. 

Higher in the section, somc 70 meters above the 

former ammonite horizon, we fine! a typical 

Virgatoiphirivtn fauna similar to that of the 

Argenrinean Nenquen Basin (K 31-K 32). This 

fauna is assigned to the latc early Tithonian 

Mcndozünns zone in Argentina. 

Virgatoiphinctei Ls picscnt up to level K 40-1. It 

should be noied chat truc middle Tithonian clé¬ 

ments ol South America {Pseudolisscfceras and 

Aidacosphmctes proximm) hâve not been discove- 

red in Longing Gap so far. Reports from other 

Antarctic localities are very doubtful. too. 

However, the Antarctic Virgtttoiphimiei fauna 

may aiso tcpreseni the middle Tithonian and 

reach up even until the earliest laïc rithonian. 

The Virgàtosphwctes-tlildoglochiceras assemblage 

of Spiti was assigned to the middle Tithonian hy 

Krishna et ai (1982) and Enay & Cariou (1997) 

assigned rheir Virgdtüsplnticti's ics.sernblage lo the 

late Tithonian. The laiter is charactcrizcd by 

V. denseplicatus which is also known from 

Antarctica (Ilowlett 1989). Il is especially remar- 

kable that in the upper part of the 

Virgatosphinctes beds of Longing Gap (K 34- 

K 40) only densely ribbed forms predominate 

which do not branch up in more than rhree 

secondaries. The speetmen of K 41 cotild bc of 

middle or late Tithonian âge (cf. Stevens 1997; 

Enay Si Cariou 1997). We prehminarily assign 

the bed.s above K. 32 to the earliest late Tithonian 

Demiplicaïus zone. Eurther investigation are 

neccssaiy to define the range of rhe 

Virgatosphinctes fauna more precisely in the 

Antarctic région. 

The firsc occurrence of Blanfif^dicerns s,s. is noted 

in concrétion level K 57 providing clear evidence 

for late Tithonian. On zVIexandcr Island 

(Howlett 1989) ihe Blan/ordiceras fauna includes 

Lytohoplites weaverU a truc Lytohnpûtes. Spccics of 

this genus hâve been found in Cliile (Biro- 

Bagoczky 1984) in rhe Corongoceras alternans 

zone, the second zone of rhe lace Tithonian in 

South America. Ir corresponds approximately 

with the zone tT ParauLtcosphincies tmniitorius in 

Mediterranean Europe-, i.c., dic middle part of 

the late Tithonian. This is ia agrcemenr with 

Thomson (1979) and Howlett (1989) who 

cons'idered the Bbmfordîceras zone as part of the 

late Tithonian. 

Some 30 m above K 37 lollow bed.s chat can 

questionably bf correlated with the Argenrinean 

Substruroceras koeneni zone. We can suppose the 

Jurassic/Cretaceous boundary in these beds (cf 

Zeiss 1986). 

Near the top of the section a Berriasian âge is 

suggested bv Spiticeras (Spiiiccras) according to 

Whitham ÔC Doyle (1989). 

Narth American radiularian zones at Longing Gap 

The base of the Longing Gap Section is assigned 

to Zone 3 as indicated by the presence of Caneta 

hsui (Bessagno) and the absence of Valhipiu hop- 

sont Pessagno Blome. Since neither Tnranta 

s.s. nor Hsuum rnaxwelli Pessagno were found, 

\vc présume that the basal part of the Longing 

Gap Section bclongs to upper Subzone 3 alpha, 

alihough the primary marker taxon Napora 

burckhardti Pessagno, Whalen & Yeh was not 

rccorded (- exclusively Terhyan marker taxon 

according to Pessagno et ai 19S7b). The secon- 

dary marker taxa Parvkhtgtda colemani Pessagno 

&: Blome (Fig. 5D) and Hiuum mclaughlini 

Pessagno & Blome are présent near the base indi- 

cating Subzone 4 beta. However, the primary 
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marker taxon Vallupus hopaoni was nor recorded, 

although pantanelliids and everi vallupins are 

common in some sampics and we hâve searched 

for this specics inrcnsely. The lasi distinct hori¬ 

zon bcfore che evolurionary firsi appearance of 

V hopsoni is K 14-K K 15. Above ihose samples 

V. hopson'i is absent, but the sc-arcity ofother pan- 

taneiliids indicates chat irs absence may be due to 

paleoccanographic factors. 

The base of Zone 4'Subzone 4 beta is well defi- 

ned by the fîrst appearance of Vallupus hopsani in 

sample K 2U-1. This is noted just above the first 

Tithonian ammonites assigned to the Hybo- 

notum zone; The firsi occurrence of Vallupus 

hopsoni provides the most reliable datum in the 

section. It will  be dlscassed in détail below. Up 

section V. hopsoni is continuously présent in 

samples with a high total pantanelliid abundancc. 

The top of Subzone 4 beta Ls marked by rhe last 

appearance ol Perispyridium in concrétion K 29. 

Perispyrtdhipi is represented by rv\^o ne^v species 

within Subzone 4 beta (Kiessling 1999). It is 

continuously rccorded in ail better preserved 

assemblages. The lasc occurrence of Péri- 

spyridium is noted between aminoiiiie a.s.scm- 

blages assigned to the early diihoniaii 

Mucronatum and zones, rcspectively. 

Marker taxa in Subzonc 4 alpha and the suspec- 

ted Zone 5 arc rare. The base of Subzorie 4 alpha 

is characterized by abundant PantanelJiidae 

including Vallupus hopsoni and the absence of 

Perispyridiîim. The last occurrence ot K hopsoni 

is noted some 20 m above the ammonite horizon 

tliat lias been assigned to the late early Tithonian 

Mucronatum zone, The upper boutidary of Sub¬ 

zone 4 alpha is poorly defined owing to the 

absence of ptimaiy marker taxa. Ir is preliminari- 

ly drawn between ihc last occurrence of Pannein- 

gula coleniani Pèssagno & Blome and the first 

occurrence of Wllliriedctlum ruesti (Tan Sin Hok). 

The radiolarian âges are without major contra- 

dicrions with regard to the zonation of Pèssagno 

et al. (1993). However, die secondary and corpo¬ 

réal marker taxa Patvicingula çùlemaniy 

Parvicingula joncsi Pèssagno s.l. and Hsuuw 

mclaughlini s.l. occur slightly carlier than predic- 

ted in Pessagnos zonation. 

In summary, the Ameghino Formation at 

Longing Gap ranges from the Kimmeridgian to 

che early Bertiasian. The Longing Mernber 

ranges Irom the Kimmeridgian to probably the 

earliest laie Tithonian and the "Ameghino” 

Mernber is assigned to rhe latc Tithonian to eatly 

Bertiasian. The part of radiolarian Zone 3 expo- 

sed at Longing Gap (top of Subzone 3 alpha) can 

be a-ssigned to tbe Kimmeridgian. The base of 

Zone 4 is likcly to coïncide with the base of the 

lithonian or latest Kimmeridgian. The bounda- 

ry between Subzone 4 beta and Subzone 4 alpha 

is assigned to rhe middie part of the early 

Tithonian (sensu Gallico). The boundary bet¬ 

ween Zone 4 and Zone 5 is less clearly deflncd at 

Longing Gap. The occurrence of Spiticeras 

(Spiticeros) approxlmately coincides with radiola¬ 

rian assemblages preliminarily assigned to 

Zone 5. This would indicate chai the boundary 

of Zone 4-Zone 5 agréés with the Jurassic- 

Cretaceous boundary. A more detailed discussion 

tollows below. 

SïKAI IGRAPHIO SU.MMARY OF ByEKS PeNINSVU 

RadioLmans 

No radiolarians coald be extracted from rhe basal 

section, but the middie section yielded several 

exceptionally well preserved faunas (Figs 4, S). 

Most of the productive samples can be assigned 

to Subzone 4 beia, This is confirrned by the co¬ 

occurrence of Vulluptis hopsoni and Perispyrldhfm 

near the ba.se of the fertile séquence (LI 44). Tlie 

overlying concrétions lack Vallupinae (for paleo- 

ceanographic rcasons) but contain Perispyridiunïy 

thus indicating Subzonc 4 bet-a as w'ell. 

Near the top of the middie section, a well-preser- 

ved fauna (L1 35) concains Vallupus hopsonh but 

lacks Perispyridiîim. This sample is, therefore, 

assigned rn the hase of Subzone 4 .ilpha. 

No âge diagnostic radiolarians could be extracted 

from che upper section. 

AmmoniteSy belemnites and bivalves 

First âge diagnostic ammonites and belemnites 

from the Upper ju rassie sequence wcrc listcd by 

Tavera (1970) and Smcllie et ai (1980). SmclUc 

et ai (1980) found indication for Kimmeridgian 

(Hibolttes marwicki niarwicki Stevens and 

Subplanites early Fithonian (Belenwopsis sto- 

leyi Scevens) and latc Tithonian (Berriaiella cf. 

hehrendseni Burckhardt). Without referring to a 
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section they gave a “balancée!” âge of early 

Tithonian for the “mudstonc member". 

Crame et al. (1993) found inocerams of the 

Retroceramm htmsû (Hochscetter) group near the 

base of tlie section stiggescing (but not proving) 

Kimmcridgian. Ncar the top of their section 

Crame et ai (1993) found an ammonite-bcleni' 

nite assemblage with Tithonian affinities. We 

could colicct BerrünelLt and ? Btanfordiceras 25 m 

below the upper boundary of ihe exposed 

séquence providing évidence for late Tithonian. 

Spiticeras (Spiticents) cf spitense (Blantord) was 

found in the overlaying President Beaches 

Formation. No ammonites were discovered in 

the radiolarian-rich intcrval. 

In summary, the Anchorage Formation on Byers 

Peninsula ranges ffom Kimmeridgian/Tithonian 

to latest Tithonian. Radiolarians belonging to 

Subzone 4 beta are stratigraphically doser to 

what has been dated as Kjmmeridgian than to 

the ifemV/WZ/i'bearing late Tithonian/Berriasian 

(Fig. 4). The data .support the conclusion that 

Subzone 4 beta should be completely assigned to 

the early Tithonian» althouglt Utc cvidence is less 

convincing chan at Longmg Gap. 

LATE JURASSIC RADIOLARIAN  

BIOSTRATIGRAPHY 

The biostratîgraphic u.se of Laie Jurassic ladiola- 

rians has only been recognized in cite past rwenty 

years starring with Pe.ssagno (1977a). Sincc then a 

number of Late Jurassic radiolarian zonations have 

been proposed. Therc are basically four zonations 

in use for different régions of the world. 

1. The North American zonation: this zonation 

dates back to the work of Pessagno (1977a). It 

was completely revised b}' Pessagno et al. (1984) 

and refined latcr by Pessagno et al. ( 1987b, 1993, 

1994). The most recent iipdare of the North 

American zonation was provided by Hull (1997). 

The chronosiracigraphic calibration of radiola¬ 

rian zones was esrablished using ammonite, cal- 

pionellid and bivalve data. 

2. The Tethvan zonation: a flrst zonation was 

presented by Baumgartner et al. (1980) based on 

unitary associations. This zonation was conside- 

rably revi.sed by Baumgartner (1984), chrono- 

stratigtaphically updated by Baumgartner 

(1987), and rcachcd its current State by the com¬ 

préhensive contribution of Baumgartner et al. 

(1995a). The chronostrarigraphic calibration of 

radiolarian zones was esrablished by using 

ammonite, calpionellid and caJeareous nanno- 

fossil âges. 

3- The “Japanesc” zonations: several Japanese 

scientists deveJoped zonations which are mostly 

applied to western Pacific sections, but are also 

usefui in the Tethys. The mosi widely u.sed zona¬ 

tion ha.s been developed by Matsuoka Yao 

(1986) which was updated by Mat.suoka (1992, 

1995b). The chtonostratigraphic calibration is 

partiy provided by ammonite and calcareous 

nannofossil data, but mostly relies on corrélation 

with dated Tethyan and North American radiola- 

rian-bearing sequences. 

4. The Russian zonations: zonaiioii.s of ihe 

Caucasus Région and rhe Russian Far Easr were 

proposed by Tikhomirova (1988) and Vish- 

nevskaya (1993). The Juras.sic zones in the 

Caucasus arc calibratcd by ammonites and apty- 

chi, whereas the Russian Pacific margin is poorly 

dated by Buch'ta sp Lace Jurassic radiolarian stra¬ 

tigraphy on the Russian platform is still in îts 

infancy with only one preliminary zonation avai- 

lable (Kozlova 1994). 

As cxplained above, we mostly applied the North 

American radiolarian zonation for dating our 

radiolarian samplcs. The primary, secondary and 

corporéal markets of Pessagno et al (1993) that 

are présent in Antarctica are li.sted in Table 1. 

The application of the new Unitary Association 

stratigraphy of Baumgartner et ai (1995a) is 

hampered by the scarcity of Tethyan taxa. 

However, there arc several .specics that have been 

used in Icthyan zonations as well ('Fable 1). Fhc 

occurrences of .species discussed below arc indica- 

ted in Figure 8, if  they were traccd in more than 

onc sample. Spccies occurring in only one 

sam pic arc; 

- LI i\'. AcUnthodreusfiirwsus]uà', 

— K 8-1 : Saitoum pagei Pessagno; 

— K 12: Provunuma japonicus Matsuoka & Yao; 

- K 13: Sethocapsa trachyostraca Foreman; 
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Table 1. — Anlarctic radiolarian taxa used in published zonations. 

Radiolarian marker taxa used in Radiolarian species used in 
the North American zonation the Tethyan zonation 

(Pessagno état. 1984,1987b, 1993,1994) (Baumgartner étal. 1995a) 

Bi\/allupus 
Canota hsui (Pessagno) 
Hsuum mclaughiiniPessagno & Blome s.l. 
Orbiculiforma lowreÿonsis Pessagno 
Parvicingula blowt Pessagno 
Parvicingula oolemâfii Pessagno & Blome 
Parvicingula excetsa Pessagno & Blome 
Parvicingula jonesi Pessagno 
Praeparvicinguta vera (Pessagno & Whalen) 
Perispyridium 
Tethysetîa boesit (Parona) 
Vallupus hopsoni Pessagno & Blome 

Acaeniotyle umbilicata (Rüst) gr. 
Acanthocircus fvriosus Jud 
Acastea diaphorogona (Foreman) 
Angufobracchia biordinalis Ozvoldova 
Tethysetîa baesü gr (Parona) 
Crucelta theokaftensis Baumgartner 
Emiluvia chica Foreman 
Emiluvia hopsoni Pessagno 
Emiluvia pessagnoi Foreman 
Gongylothorax tsvosus Dumitrica 
Haiiodiciya (?) antiqua s.l. (Rüst) 
Homoeoparonaeiia etngans (Pessagno) 
Hsuum sp. atl H cuestaense Pessagno 
(= Hsuum mclaughiini s.l.) 
Hsuum fefiformts Jud 
Loopus primitivus (Matsuoka & Yao) 
Napora pyramidalis Baumgartner 
Perispyridium ordtnanum (Pessagno) gr. 
Podobursa spinosas.) ̂(Ozvoldova) 
Podocapsa amphilroptera Foreman 
Protunumn inponiaus Matsuoka & Yao 
Saitoum pagai Pessagno 
Sethocapsa /rac/iyos/raca Foreman 
Suna achlodes (Foreman) s.l. 
Triactoma moxicana Pessagno & Yang 
Triactoma tithonianum Rüst 
Tritrabs rhodudautyhs Baumgartner 
Zhamoidellum ventricosum Dumitrica 

- K 14-1: Haliodictyai^) antiqua (Rüst) s.l.; 

- K 23: Orbiculiforma lawreyensis Pessagno; 

- K 27: Podobursa spinosa (O/voldova) s.l. 

We first discuss rhe value of the North American 

zonation and subsequently try co link oiir data to 

rhe zonation of Baumgartner et al. (1995a) and 

Matsuoka (1995b). The Russian zonations are 

not discussed, sincc their stratigraphie resolution 

is either too coarse or ihey consider poorly defi- 

ned species. 

The North American radiolarian zonation 

The major pitfall of the North American zona¬ 

tion is the rcfcrence to species absence in strati¬ 

graphie assignment. As zonal boundaries are 

defined by first or last occurrences of marker 

taxa, the reliability of their absence bas to be cri- 

tically evaluated for cach section or sample. This 

can bc achieved by observing the quantitative 

distribution of marker ta.xa wirhin their range 

and by judging the possibility that species absen¬ 

ce is mercly a rcsult of océanographie, diagenetic 

or stochastic bias. 

As discu-ssed above, wc can rccognize the North 

American Zones 3 and 4, and probably zone 5 in 

Antarctica. Zone 3 was originally assigned to the 

early 1 ithonian, but it Iras been demonstrated by 

Baumgartner et al. (1995a) that its base may 

reach down to the middie Oxlordian. 

rhe base of Zone 4 was originally (Pessagno et al. 

1984, 1987) calibrated by corré.sponding closely 

to the first occurrence of Crassicollana intermcdia 

(Durand Delga) and laie Tithonian ammonites 

in Mexico and by occurring below the Buchia 

piocha zone of Jones et al. (1969) in California. 
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Table 2. — Summary of modifications in the chronostratigraphic assignment of North American radiolarian zones resulting from our 
new data. 

Pessagno et ai. 
(1977a, b, 1984,1987,1993) 

This paper 

Base of Zone 5 
Base of Subzone 4 alpha 
Base of Zone 4 

Tithonian/Berriasian boundary 
early late/late late Tithonian boundary 
early/late Tithonian boundary 

Tithonian/Berriasian boundary? 
Early Tithonian (Darwini zone) 
Kimmeridgian/Tithonian boundary 

Ir was thus correlated wiih thc carly 

Tithonian/lare Tirhontan (sensu Gallico) bounda- 

ry. Recentlyj this boundary wai lowercd co the 

late early Tithoniati (Pessagno pcrs. comm. 

1997; Hull 1997). 

The new résides from the Antarctic sections 

demand a révision of ihc chronostracigraphic 

calibration ftjr  the base of Zone 4 and thc base of 

Subzone 4 alpha given by Pessagno er ai (1993), 

Before we do so» we hâve lo check the reliability 

of OUI' radiolarian âges, especiallv referring to thc 

marker taxa of Pessagno étal. (1993). 

The base of Zone 4 was (vriginally (Pes.sagno ei 

al. 1984) dePined by the first occurrence of 

Acanthocircus dicranacanthos and Vallupns hop- 

soni. Since A. dicranacanthos is absent in 

Antarctica» due to the high paleolaritude, the 

first occurrence of che pantanelliid Vatlupus bop- 

soni (Fig. 51) is crucial in our discussion. The 

Austral characrer ot the radiolarians requires cau¬ 

tion in the interprétation of thc first occurrence 

date of this spccies. Since the abundance (or pro- 

bability of détection) of thc pantanelliid sub- 

family Vallupinac is correlated with thc ovcrall 

abiindance ot PantaneUiidae, it is very unlikely to 

dctect Vallnpus hopsoni in standard residues 

(about 1 g in thc Antarctic material), if  pantanel- 

liids make up Icss than 5% of a radiolarian 

sainplc. This hict may bc partly responsible for 

the erroncous corrélation of Pessagno et ai 

(1993)- The abundance and diversity of panta- 

nelliids was thought to decrease rapidiy with lati¬ 

tude in che paleolatitudinal mode! of Pessagno & 

Blome (1986). Although pantauellüds siun up to 

50.1% in one sample from Longing Gap, their 

abundance is .strongly flucruating in Antarctica, 

In Longing Gap (Fig. 3) rhe first occurrence of 

Vallupus hopsoni is noied in a sample (K 20-1) 

with 12.1% total pantanelliid abundance. The 

samples taken frorn just 2 and 3 m below (K 18, 

19) contain a rich radiolarian fauna» but yield 

fcw pantancJIüds. Only the samples K 14-1 and 

K 15 providc firm evidence for an âge older than 

vSubzone 4 beta. They contain diverse and abun- 

dant pantanelliids (15-6 and 13.8%, respcctively) 

and even sonie vallupins, but no Vallupus was 

detected. Our last firm ammonite évidence for 

the Kimmeridgian is from between K 15 and 

K 18, but our first evidence of Tithonian stems 

from thclevcl of K. 18. I hus thc first appcarancc 

of Vallupus hopsoni is only rcliablc within a 40 

thick intcrval separating K 15 and K 20-1. 

Although we do have ammonite évidence for 

early Tithonian below K 20-1 (Hyhonotum 

zone), we cannot rcjcct a latc Kimmeridgian âge 

for rhe base of Zone 4. 

The last occurrence of V. hopsoni has been used 

a.s a corporéal marker within Subzonc 4 alpha. At 

Longing Gap concrétion Icvcl K 33/34 is thc last 

horizon containing this spccies. This horizon is 

dated as middlc/latc 1 ithonian and is probably 

équivalent to rhe Windhaiisenkeras internispino- 

sum zone of Axgcntina. Although we are not able 

to provide firm evidence for this zone in 

Antarctica (see discussion above), the présence of 

hopsoni in rhe W. internispinosum zone w;ei 

established by Pujana (1991, 1996) in Argentina. 

In the Southern Alps, Subzone 4 alpha with 

V hopsoni was recorded în che lare middle to ear- 

liesr late 3 ithonian Chitinoidella zone (cf. 

Kiessling 1995). 

Perispyridium (Fig. 5J) is the only other primary 

marker taxon in Zone 4 that is présent in 

Antarctica. Its last occurrence marks che top of 

Subzone 4 beta. The last occurrence of rhis genus 

provides a reliable datum, since Perispyridium is 

common ihroughout its stratigraphie range (with 

two exceptions) and suddenly disappears in the 
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Fig. 9. — New chronostfatlgraphic assignmentot the radiolarlan blostratigraphy ot Pessâgno (1977b), Pessagno et al. (1984, 1987, 
1993, 1994, 1996). Our data allow a modification ol the Zone 3/Zone 4 boundary and the boundary between Subzone 4 alpha and 
4 beta. The lower zones were modified foUowIng Baumgartner et al. (1995a. fig. 13). Marker taxa lhal are présent in Antarctica are 
printed in bold, In this figure we use the Tithonian sensu Gallico as do Pessagno et ai: however it should be noted thaï subzone 
4 beta ends betore the middle Tithonian sensu Gerlh. 

sequence. However, there is a relatively thick 

interval with only sparse radiolarian faiinas above 

the last record of Perispyridium in K 29. The first 

radiolarian sample with a sure absence of this 

genus is K 30b, which is only a few meters below 

the first record of the latest early Tithonian 

[sensu Certh) Mendozanus zone. Hence, the top 

of Subzone 4 beta i.s as.signcd to the late carly 

Tithonian [sefisu Gcrth = early early Tithonian 

sensu Gallico). 

According to Pe.ssagno e/ al. (1987). the last 

occurrence of Parincingula colemani is noted in 

the upper part of Subzonc 4 alpha (corporéal 

marker taxon). In Longing Gap, the last samplcs 

with P colemani s.l. are above the level with first 

evidence of bcrriasellid ammonites indicating 

late Tithonian. Above the last occurrence of 

P colemani no primary marker taxa (with the 

exception of Parvicingtda joncsi Pessagno) of the 

Nnrth American zonation are présent. However, 

Hull (1997) used the la.st occu trente of lïsuum 

mclaugblini as a secondary marker to define the 

top of Zone 4. This species ts présent ncar the 

rop of the Longing Gap Section (K 65) which is 

assigned to the Berriasian. This would indîcate 

chat the top of Zone 4 should be assigned to the 

early Berria.sian, consistent with new resuirs of 

Pessagno étal. (1996). However, a relatively great 

faunal change is noted in Antarctica from K 60 

onward, approximately consistent with the 
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Jurassic-Creraceous boundary. Since no primary 

marker taxa are présent, wc tcntatively corrclate 

rhe Zone 4'Zone 5 boundary with the Jurassic- 

Cretaceoiis boundary and ihc first occurrence of 

Williriedellum ruesti (Tan Sin Hok) as figured in 

Kiessling & Scasso (1996j pl. 2/14). 

Considering the staiemcnts abovc, wc can revise 

the chronostraiigraphic assignments of the North 

American radiolarian zonation (Table 2, Fig. 9). 

We arc currently not able to affirm whar led ro 

the erroncoüs chronostracigraphic assignment of 

the zones and subzone.s discusscd abovc. They 

may partly be duc to the coniplcx lectonic ser- 

tings of both Mexico and California. 

Evidence (-rom other areas 

rhe new chronostracigraphic assignment of the 

Zone 3-Zonc 4 boundary is supported by new 

data from Gerntany, 

Recent investigations in the Upper Jnrassic of 

Southern Gerrnany produced a very well-pre.ser- 

ved and diverse radiolarian fauna in the 

Mdrnsheim Formation (Zügel 1997) including 

V hopsoni. The Mornsheim Formation is correla- 

ted with the upper part of the Hybonoticeras 

hybo)iotu)n zone (Zeiss 1977) équivalent to an 

early early Tichonian âge. In his ongoing work, 

Zügel (pers. comm. 1997) coiild recover V. hop¬ 

soni aiso in the cherr-bearing limestones of 

Schamhaiipten (Bavaria, Southern Gerrnany). 

The locality is curnently -assigned to the upper- 

most Kimmeridgian (Bausch 1963). 

In summary, the data from Gerrnany do support 

an oldcr age for rhe Zone 3-Zone 4 boundary. 

We can thus conclude that V. hopsoni Hrsi 

appears vety close to rhe Kimmeridgian/ 

Tichonian boundary. Other reports (Matsuoka 

1992, Chiari et ai 1997) on the first occurrence 

of V. hopsoni do also support chis interprétation, 

althoLigh they are nor directiy correlated with 

ammonite data. 

Zonation or Badmgariner Erwz. (1995b) 
We hâve discusscd above chat the applicabilicy of 

the 'Fcchyan unnary association zonation (UAZ) 

is rcstricred owing to biogcographic différences. 

Additionally, there is a general trend from assem¬ 

blages containing Tethyan taxa at the base to 

assemblages with a higli degree of endemism al 

the top in chc Ameghino Formation. However, a 

limitcd comparison is possible, if  we sum up ail 

our samples from the zones and subzones of ihc 

North American zonation. Three of the new uni- 

tary associations of Baurngartner et al. (1995a) 

werc expected to occur in Antarctica: 

— UAZ l ] ‘ late Kimmeridgian-early Tithonian; 

— UAZ 12; early-early laie Tithonian: 

— UAZ 13; laieÿt 1 ithonian-carlicst Berriasian. 

We will  show below ihat UAZ 10 is unexpected- 

ly also présent at Longing Gap. 

At Longing Gap, our samples from Zone 3, Sub¬ 

zone 3 alpha (K 2'K 1 5) contain the Tethyan 

taxa Acaenwtyle mnhilicata gr. (Fig. 5L), Acustea 

diap h or Q go na-> Angu lob racchia bio rd i nalis  ̂

Archaeodictyomitra minaemisy cyucelld theokajifu- 

sis (Fig. .5F), Gongylothorax Javo^us (Fig. 5N'), 

Haliodictya (?) antiqna s.l. (Fig. 5K), Hsuum sp. 

atf- //- rnestiiensc, Napora pyramidulis. Péri' 

spyridturn ordhiarium gr. (Fig. 5]). Prottoiuma 

japonieuhy Saitoum pagei, Sethocapsa trachyostrara 

(Fig. 5M), Triûctoma îiiexira^iOy and Zhamoi- 

dellum ventricosnm. This assemblage was not 

observed in the Tethys and trying to appty the 

UAZ 95 Icads to ci^ntradictory rcsults. Triactoma 

niexicana (samples K S-l, K 13) is prcdictcd to 

range not higher than UAZ 9, but Acaeniotyle 

umbïliaiut {.samples K 6, K 12, K 13. K 14-1) Is 

not supposcd to occur before UAZ 10. It is likely 

that the total range of T. mexicana is poorly défi* 

ned in the UAZ considering the zonal as.sign- 

menr oi T. niexicana ta vSubzone 4 beta by 

Pessagno et al. (1989) and ics occurrence in 

LIAZ 12 in ihc Southern Alps (c£ Kiessling 

1995). Congylothorax favosus is not reporred 

above UAZ 10 according to Baumgartncr et al 

(1995a). d'bis specics was fbund unly at the very 

base of the section (K 2, K 4) which may actually 

be assigiied to UAZ U). The .samplc.s above K 4 

are assigned to UAZ 10-11. dhcre arc not suffi*  

cicni l'erhyan radiolarians to prcciscly define the 

LIAZ of Baumgartner et al (1995a). However, 

rhe application ofthe unpublished 127 UA range 

charr on the lurnped zone 3 fauna resulrs in a 

firm corrélation with UAZ 10 (Guex, pers. 

comm. 1998). Tnactoma mexicana ranges up to 

UAZ 11 in this recomputing. 
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Within Subzone 4 beta thc loJlowiag Taxa used 

by Baumgartncr et ûl. (1993a) are présent in 

Antarctica: Acafzthocirrus furiosm (Fig. 5H), 

Acastea diaphorogondy Angulobracchia hiordlnalisy 

Emiliivict chicdy Rmiltivid peisagnoi s.L. 

Gorgarisiitm sp., HùmoeoparonaelLt êlegavsy 

Hsuum aff. cuestaedsc, Usuam feliforrnh (onJy 

detected in James Ross Island). Loopusprimitivm 

(Fig. 5B), Nnpora ppuynidulhy EeHspyrldium 

ordinarium gr., Podoburui sphwuj s.l,, Podocapsa 

amphitreptera s.l., Suna cchiodes .s.l. (Fig. 50), 

TriactornU tithoniiWtmiy Iritrahs rhododaciylus 

(Fig. 50. 

Again, there are some contradictions applying 

the unitary âs.sociation zonation. Gorgum'ium 

ranges from UAZ 3-8 according lo Baumgartncr 

et al. {Î995a), whcrcas Hsuum feliformis \s 

rhoughr to occur not earlier than UAZ 13. 

Leaving aside these problenutic taxa would rcsidt 

in a correlarion wirh UAZ 10 for the assemblage, 

as defined hy A. furinsus (UAZ 10-20) and 

H. elegam (UAZ 4-10). However, H, ekgafis only 

occurs up to the middie part nf Subzone 4 beta 

at Longing Gap. Above the Ust occurrence of 

H. elegtms the assemblage would be assigned to 

UAZ 10-11- Again, the application of thc 

127 UA range chart hclp.s to define the corréla¬ 

tion more precisely. Gucx (1998, pers. conim.) 

States thac thc lumped Subzone 4 beta launa per- 

fectly corrclares wirh UAZ 11. 

Only a iVw Terhyan taxa were ('ound in the 

assemblages assigned to Sub/one 4 alpha and 

Zone 5: Gorgamïum sp., Hsuuni af£ cuestaensvy 

Tethysetta hœsiï gi. (Fig. 5C), Triactoma tithonia- 

num arc présent indîcating UAZ 10-13. A more 

exact corrélation is not possible. Thus rhe pré¬ 

sence of UAZ 12-13 cannot be proved in 

Antarctica. 

The stratigraphie corrélation of the North 

American zones with the UAZ can be controlled 

by new data iVorn Europe (Kiessling 1995; 

Chiari ci ni 1997-, Zügel 1997). V hopsoni was 

reported irom UAZ 10 (Chiari étal, 1997) to 

UAZ 12-13 (Ziigel 1997, cf Kiessling 1995, 

1996). Two sainples from the Southern Alps bear 

V. hopsoni atid lack Perhpyridimn and can chus be 

assigned to the base of Subzone 4 alpha. The 

sample from Ronce Serra near Fonzaso (see 

Kiessling 1996 for localicy description) is from 

the rransitional intcrval berween the 

Ammonitico Rosso Superiore and the Maiolica 

whiclî has hecu assigned to the lare middie to 

earliest late Tithonian Chiünnidella zone by 

Grandesso (1977). This simple (PS 13) contains 

many species that make their first occurrence in 

UAZ 13: Emiliivia chtca decussata .Steiger, 

Obesacapsula ruscoensis umbriensis }ud, 

Paronaella (?) tiihulata Steigen Pynnnhpongia 

barmsteruensis (Sçeiger), and Syringocapsa ampho- 

rella (Jud). On the other hand, species like 

Syringocapsa spinellifera Baumgartner and 

Williriedclliim  crystallinum Dumttrica arc a.lso 

présent, These hâve their last occurrence în 

UAZ 12 and UAZ 11, re.spcctivcly. Thcrclbre, 

PS 13 is preliminarily assigned to UAZ 12. 

In summarv" thc total range of U hopsoni is from 

UAZ 10 to at Icast UAZ 12. Tlie related torm 

VallnpiL^ jafwnuiis has been shown by Matsuoka 

(1998) to range up to thc early Berriasian 

(UAZ 13). UAZ 10 radiolarian assemblages can 

bc obsciwcd frojTi the base of the Longing Gap 

Section (Kimmeridgian) up to a horizon thaï has 

been dated as early Tilhonian by ammonites. 

Baumgartner et al. (1995a) indicared a laïc 

Oxford!an-early Kimmeridgian âge for UAZ 10. 

Although Baumgartner er///. (1995a: 1033) pro¬ 

vide good évidence for this âge, the âge of the 

succeeding UAZ 11 is much less well defined. 

Considering rhe rcsults above, we can conclude 

thac UAZ 10 ranges up to ai least ilie latest 

Kimmeridgian Beckeri zone. The new corrélation 

of UAZ 10-13 with thc North American zona¬ 

tion and their clironoso'angraphic assignaient are 

indicaied in Figure 10. 

Zonation of Matsuoka (1995b) 

The comparison with Matsuoka (1995b) is ham- 

pered by che rarher coarse stratigraphie résolu¬ 

tion of Matsuokas Latc Juras.sic zonation. Only 

rhe Pseudodictyoniitra priwitiva zone can be tra- 

ced in Amanctica, owing to the absence of other 

age-diagnosiic taxa, l'his intcrval zone is defined 

by the last occurrence ol Hsuum W{4.xu>elli at its 

base and the first occurrence of Pseudodictyoniitra 

carpatica (Lozynyak) ai its top. It is supposcd to 

range from the early to the middie Tithonian. 
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Fig. 10. — Corrélation of the North American (Pessagno et al. 
1993) and Tethyan (Baumgartner et al. 1995a) zonations for the 
Kimmeridgian/Tithonian Inlerval. 

According lo Matsuoka (1995a, fig. 3)i the 

/?priniitivii  zone ranges trom the ba.se ol Zone 3 

CO the top of Subzone 4 beta. Con.sidering our 

resuirs and the eorrclation chait of Baumgartner 

et al. (1995a, Hg. 13) this would imply a total 

range ol the P pYtrn'nhM zone from rhe middle 

Oxfordian to early 'J'ithonian. However, as rhe 

last occurrence of Hsuum maxwelU is noTcd 

within upper Subzonc 3 alpha according to 

Pessagno et al. (I993)i we suggest thar rhe 

Pmidodictyomitm primitmi zone starts in rhe lare 

Kimmcridgian. Since Psnuiodkîyomitra carpatica 

is absent due ro biogeographical dilferenccs, the 

top of rhe Pseudoditîyomiim prlmttiva zone can- 

not be defined. 

Although the total range of Loopiis prîmitiinis 

(= Pseudadrayumiîra pritaitiva) is uncerrain 

according to Matsuoka (1995b) its major occur¬ 

rence is dcfinitely within the I^eudodiciyomitra 

primitiva zone. At Longing Gap and Livingston 

Island, primitivus is found in Subzonc 4 beta 

and at the verv base of Subzone 4 alpha, les first 

occurrence coincidc-s with the first occurrence of 

V hopsoni and iis lasr occurrence is noted slighrly 

above the lasr occurrence of Perispyridium. This 

agréés with a latest Kin^meridgian to probably 

middle Tirhonian âge and is consistent with 

Matsuokas chronostratigraphic assignment for 

the Pseudodictyomitra primitiva zone. 

CONCLUSIONS 

New paleontological data from two Upper 

Jurassic localides on the Ancarctic Peninsula allow 

the élaboration of a combined ammonite and 

radiolarian strarigraphy, providc a high stratigra¬ 

phie résolution and allow to révisé current chro- 

nostradgraphic calibrations of radiolarian zones. 

The Ameghino Formation ai Longing Gap 

ranges from the Kimmcridgian ro ihe early 

Berriasian, vvhereas the Anchorage Formation at 

Byers Peninsula ranges from rhe Kimmcridgian/ 

Tirhonian to the latest Tithonian. Zone 3> 

Subzone 3 alpha. Zone 4, Sulrzones 4 beta and 

4 alpha and probably the base of Zone 5 could 

be traccd at Longing Gap, whcreas on Byers 

Peninsula only Subzone 4 bera assemblages are 

well cstablished. 

The chronostratigraphic calibration of Zone 4 

and its subzones as used in the North American 

radiolarian zonation (Pessagno ci al. 1993) is 

reviscd herein. The base of Zone 4 is assîgncd to 

ihe Kimmeridgian/Tithonian boiindary interval 

and ihe base of Subzonc 4 alpha is located within 

the early Tithonian. 

The North American radiolarian zones can be 

correlated with the unitary associadon zonadon 

(Baumganner et ai 1995a). Uppermosr Zone 3> 

Subzone 3 alpha correlates with UAZ 10 and the 

base of Zone 4 agrées with LIAZ 11 in Antarc¬ 

tica. Higher up in ihe .scquences no corrélation 

with the UAZ 95 is possible owing ro increasing 

biogeographical différences. Evidence from ihe 

Southern Alps suggests that Valltipm hopsoni 

ranges iip co at least UAZ 12. 

The itïterval zonation u.sed by Pessagno et ai 

(1993) ha» rhe adrantages lo be applicable to tro¬ 

pical as well as high latitude sertings and lo rely 

on only a few âge diagnostic radiolarians, 

However, rhe absence of market taxa bas lo be 

carefully proved, in order ro overcomc prcsemi- 

tional, paleoceanograplfic and stochastic biascs. 

With the chronostratigraphic correcdons in this 

paper and thosc of Baumgartner et al. (1995a), 

wc hope that the Nojth American zunadon can 

now bc applicd everwhere wirhout contradic¬ 

tions. A major task for the future will  he the défi¬ 

nition of the Zone 4-Zone 5 boundary with the 

aid ofhigh latitude radiolarians. 
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